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Introduction
The purpose of this report is to present geochronologic data for unaltered volcanic rocks, hydrothermally altered volcanic rocks, and mineral deposits of the Miocene Bodie Hills and Pliocene to Pleistocene Aurora volcanic fields of east-central California and west-central Nevada. Most of the data presented here were derived from samples collected between 2000-13, but some of the geochronologic data, compiled from a variety of sources, pertain to samples collected during prior investigations. New data presented here (tables 1 and 2; Appendixes 1-3) were acquired in three U.S. Geological Survey (USGS) 40 Ar/ 39 Ar labs by three different geochronologists: Robert J. Fleck (Menlo Park, CA), Lawrence W. Snee (Denver, CO), and Michael A. Cosca (Denver, CO). Analytical methods and data derived from each of these labs are presented separately.
The middle to late Miocene Bodie Hills volcanic field (BHVF) is a large (>700 km 2 ), long-lived (~9 million years [m.y.]), episodic eruptive complex (John and others, 2012) in the southern segment of the ancestral Cascades arc (du Bray and others, written commun., 2015) north of Mono Lake and east of Bridgeport, California ( fig. 1 ). The field is near the west edge of the Walker Lane and the northwest edge of the Mina deflection where structures related to these shear zones may have localized magmatism. The Walker Lane ( fig. 1 ) is a broad, northwest-striking zone of right-lateral shear that accommodates right-lateral motion between the Pacific and North America plates; the Mina deflection constitutes a 60-km-long right step in the Walker Lane (Faulds and Henry, 2008; Oldow, 1992 Oldow, , 2003 Stewart, 1988) . The Bodie Hills volcanic field includes at least 31 volcanic rock units erupted from 21 significant volcanic eruptive centers.
Four trachyandesite stratovolcanoes developed along the margins of the volcanic field and numerous silicic trachyandesite to rhyolite flow dome complexes erupted more centrally. Volcanism in the Bodie Hills volcanic field peaked at two periods, ~15.0 to 12.6 million years before present (Ma) and ~9.9 to 8.0 Ma, which were dominated by emplacement of large stratovolcanoes and large silicic trachyandesite-dacite lava domes, respectively. A final period of small-volume silicic dome emplacement began in the western part of the volcanic field at ~6 Ma and culminated at ~5.5 Ma (John and others, 2012) .
Compositions of Bodie Hills volcanic rocks vary from ~50 to 78 weight percent SiO 2 , although rocks with <55 weight percent SiO 2 are rare. Rock compositions form a high-potassium (K) calc-alkaline series with pronounced negative titanium-phosphorus-niobium-tantalum anomalies and high barium/niobium, barium/tantalum, and lanthanum/ niobium typical of subduction-related continental margin arcs (Gill, 1981) . Most rocks are porphyritic and commonly contain 15-35 volume percent phenocrysts of plagioclase, pyroxene, and hornblende±biotite. Although the oldest eruptive centers have the most mafic compositions, erupted rock compositions oscillated between mafic and intermediate to felsic compositions through time. Following a brief hiatus in volcanism, post subduction rocks of the ~3.9-to 0.1-Ma, bimodal, high-K Aurora volcanic field were erupted onto the Bodie Hills volcanic field. Volcanism in the Bodie Hills volcanic field persisted until 8 Ma without apparent changes in rock composition or style of eruption despite the transition from subduction of the Farallon plate beneath the west coast of North America to establishment of a transform plate margin at ~10 Ma (John and others, 2012) .
The eastern and southeastern parts of the Bodie Hills volcanic field and Miocene sedimentary rocks on the southern edge of Fletcher Valley are unconformably overlain by Pliocene to late Pleistocene (~3.9 to 0.1 Ma) rocks of the Aurora volcanic field (Gilbert and others, 1968; Al-Rawi, 1969; Chesterman and Gray, 1975; Kleinhampl and others, 1975; Lange and others, 1993; Lange and Carmichael, 1996; Kingdon and others 2013) . The field covers ~325 km 2 and includes many well-preserved volcanic centers. These centers consist of monogenetic lava and cinder cones, valley-filling lava flows, shield volcanoes, and lava domes. Compositions of the Aurora volcanic field rocks are bimodally distributed and consist principally of trachyandesite and trachydacite to high-silica rhyolite.
Numerous hydrothermal systems were operative in the Bodie Hills during the Miocene (Vikre and others, in press ). Structurally focused hydrothermal systems formed large epithermal gold-silver vein deposits in the Bodie and Aurora mining districts that are temporally and spatially related to intermediate-to silicic-composition dome complexes (John and others, 2012 
Ar Analytical Methods
New 40 Ar/ 39 Ar age determinations provide temporal constraints on volcanic and hydrothermal activity in the Bodie Hills (figs. 2 and 3). Volcanic rocks were dated using either separates of one or more phenocryst mineral (plagioclase, sanidine, biotite, hornblende) or whole-rock aggregates. Ages of hydrothermal alteration were determined using separates of alunite, K-feldspar, or adularia. Where practical, multiple minerals from individual samples were dated to provide abundant confirmation of the results, but also to evaluate and document argon systematics of the different mineral phases nucleated under various magmatic and hydrothermal conditions. Samples collected for 40 Ar/ 39 Ar analysis were crushed and sieved to sizes appropriate for preparation of high-purity separates. Standard magnetic and heavy-liquid separation techniques were used to make mineral separations. Wholerock samples were prepared by crushing and isolating ~1 mm 3 rock fragments from fresh rock that was free of obvious alteration and xenocrysts. Analyzed samples were washed in deionized water. In many cases, final separates were prepared by hand picking individual crystals.
Samples whose ages were determined at the U.S. Geological Survey 40 Ar/ 39 Ar lab in Menlo Park, CA (Appendix 1) were irradiated in the U.S. Geological Survey TRIGA Reactor Facility in Denver, Colorado; irradiation times were between 10 and 16 hours, although biotite, plagioclase, and sanidine from the rhyolite of Bodie Hills (map location number 102) were also analyzed in both 2-hour and 24-hour irradiations. Plagioclase, biotite, hornblende, and alunite ages were obtained using incremental-heating analysis, that is, incremental extraction of argon at progressively higher temperatures until all gas is released. Incremental heating analyses utilized a low-blank, tantalum and molybdenum, resistance-heated furnace. During heating, all argon gas was released in 8-15 temperature-controlled increments or steps; a few hornblende and potassium feldspar experiments required as many as 18 steps. Ages from incremental-heating experiments were determined by evaluating 40 Ar/ 39 Ar age spectra and isochron diagrams. Data for many of the individual sample ages constitute 40 Ar/ 39 Ar plateaus, defined as the weighted mean age of contiguous gas fractions representing >50% of the 39 Ar released for which no difference can be detected between the ages of any two fractions at the 95% level of confidence (Fleck and others, 1977) . Where no plateau was defined, either the 40 Ar/ 39 Ar isochron age or the integrated age of all increments was defined as the age of the sample.
Most sanidine and biotite ages determined at the U.S. Geological Survey 40 Ar/ 39 Ar lab in Menlo Park, CA were obtained by laser-fusion analysis, whereby grains were fused with a CO 2 laser in a single heating step (Appendix 1). One or several grains were used in each analysis, depending on grain size. In all cases, a minimum number of grains were used to permit recognition and elimination of most xenocrystic or detrital contamination through identification of outliers. The reported age for laser-fusion analyses represents the weighted mean of the replicate analyses, with the inverse variance of propagated, within-run (internal) errors of each used as its weighting factor (Taylor, 1982) . Sanidine from the Taylor Creek Rhyolite (TCR-2) was used for calculation of neutron flux in all irradiations up to IRR290 (Appendix 1). Subsequent irradiations (higher IRR numbers in Appendix 1) used Bodie Hills sanidine (098-10B), calibrated to TCR-2, as the flux monitor. Regardless of the monitor mineral used, all ages in Appendix 1 are reported relative to an age of 28.02 Ma for the Fish Canyon Tuff sanidine standard (Renne and others, 1998) with uncertainties estimated at the one-sigma level, unless stated. Decay and abundance constants are those recommended by Steiger and Jäger (1977 Ar lab in Denver, Colorado by L.W. Snee, are based on analyses of biotite, hornblende, plagioclase, or sanidine phenocrysts; hydrothermal K-feldspar, adularia, or alunite; and one whole rock analysis (Appendix 2). Analyzed materials were packaged in aluminum foil and stacked in quartz glass vials with monitor minerals placed between every second sample and at the top and bottom of each vial. Samples were irradiated in the U.S. Geological Survey's TRIGA reactor in Denver, Colorado, in irradiation packages DD61, DD72, and DD78. Irradiated samples were heated in temperature steps in a double-vacuum furnace, and the released gasses were cleaned according to procedures described by Snee (2002 Ar ratio of aliquots of atmospheric argon pipetted from a fixed pipette on the extraction line; the ratio during these experiments was 298.9, which was corrected to 295.5 to account for mass discrimination. Final isotopic abundances were corrected for all interfering isotopes of argon including atmospheric argon.
37 Ar and 39 Ar, which are produced during irradiation, are radioactive and their abundances were corrected for radioactive decay. Abundances of interfering isotopes from K and Ca were calculated from reactor production ratios determined by irradiating and analyzing pure CaF 2 and K 2 SO 4 ; the K 2 SO 4 was degassed in a vacuum furnace prior to irradiation to release extraneous argon. Corrections for Cl-derived 36 Ar were determined using the method of Roddick (1983) . Production ratios for these experiments are documented by Snee (2002) . Apparent ages of each fraction include the error in J value (0.1 percent), which was calculated from the reproducibility of splits of the argon from several standards. The standards for this experiment were hornblende MMhb-1, using an age of 523.1±2.6 Ma (Samson and Alexander, 1987; Renne and others, 1998) , and sanidine FCT1, using an age of 27.84 Ma, as measured in the Denver Argon Laboratory against MMhb-1 ( Snee, 2002) . Apparent ages were calculated using decay constants of Steiger and Jäger (1977) . All apparent age errors are cited at one sigma. Uncertainties associated with apparent ages of individual fractions were calculated using equations of Dalrymple and others (1981) . Isochron diagrams were produced for all samples and may be derived by using 40 Ar I (initial 40 Ar) and 36 Ar I (initial 36 Ar). Plateaus were determined according to the method of Fleck and others (1977) . Ar) K . The irradiated samples and standards were loaded into numbered positions of a stainless steel planchette, placed into a laser sample chamber with an externally pumped ZnSe window, and evacuated to ultrahigh vacuum conditions in a fully automated stainless steel extraction line designed and built at the USGS in Denver. The samples were incrementally heated using a 25W CO 2 laser equipped with a beam homogenizing lens and the liberated gas was expanded and purified by exposure to a cryogenic trap maintained at −140 °C and two hot SAES GP50 getters. Following purification the gas was expanded online into a Thermo Scientific ARGUS VI mass spectrometer (except sample 203195, which was analyzed using a Mass Analyzer Products 215-50 mass spectrometer) in static mode and Ar isotopes were measured by peak jumping using an electron multiplier in analog mode. Data were acquired during 10 measurement cycles and time zero intercepts were determined by best-fit linear and (or) polynomial regressions to the data. Ages were calculated assuming a 40 Ar/ 36 Ar ratio of trapped argon equal to the atmospheric value of 298.56 (Lee and others, 2006) and using decay constants of Steiger and Jäger (1977) . Data were corrected for mass discrimination, blanks, radioactive decay, and interfering nucleogenic reactions.
K-Ar Analytical Methods
Conventional K-Ar analyses were not carried out as part of the this study, but previous workers produced considerable K-Ar age data that constitute an important source of stratigraphic information on the Bodie Hills volcanic field and on the timing of mineralization in the Bodie and Aurora mining districts. Many earlier K-Ar analyses were performed in K-Ar laboratories at USGS facilities in Menlo Park and Denver or at University of California laboratories in Berkeley. An appropriate reference for K-Ar techniques used in all three laboratories is found in Dalrymple and Lanphere (1969) .
Data
All available geochronology data for Bodie Hills volcanic field are summarized in table 3. These data are synthesized and interpreted in other publications, including others (2012, 2015) , Vikre and others (2015) and du Bray and others (written commun., 2015). As described previously, ages reported in Appendixes 1-3 utilized several slightly different ages for the Fish Canyon Tuff sanidine standard as a consequence of these age determinations having been conducted in several different labs, over a period of almost fifteen years, during which the accepted age for the sanidine standard was refined. In order to render ages calculated using different values for the sanidine standard comparable, ages calculated using a sanidine standard age different from 28.02 Ma were recalculated using that value and are summarized in the column titled "Age recalculated for FCT= 28.02" (table 3). 
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